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doi:10.1016/j.ejvs.2011.03.021Abstract Objectives: The objective of this study was to evaluate and compare our periopera-
tive outcomes for open abdominal aortic aneurysm (AAA) between the pre-endovascular aneu-
rysm repair (pre-EVAR) and EVAR eras and to analyse whether the AAA that was excluded from
EVAR could affect the perioperative outcome.
Materials and methods: The Kurume University Hospital vascular registry was reviewed to
identify all patients undergoing an elective open AAA repair from January 2004 through
November 2006 (pre-EVAR era, n Z 99) and from December 2006 through June 2010 (EVAR
era, n Z 125). The early clinical outcomes between the two groups were compared.
Results: In the EVAR era, the proportion of EVAR in all elective AAA repairs was 43.4%. The
EVAR era had a significantly higher proportion of very elderly patients over 80 years of age
(23.2% vs. 11.1%, P Z 0.0391). The morbidity rates were similar between the two groups
(22.3% vs. 24,8%) and the mortality rate was 0% for both.
Conclusion: Despite the increased complexity of OAR in the EVAR era, we believe that OAR
remains a valid procedure for AAA repair.
ª 2011 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.The indications for abdominal aortic aneurysm (AAA) repair
in Japan changed in 2006 due to the adoption of commer-
cial devices for endovascular abdominal aortic aneurysm
repair (EVAR). Since EVAR is now in the spotlight as
a perceived less invasive surgery, even aged and high-risk
AAA patients are being referred to our hospital by family
physicians. However, open AAA repair (OAR) has not81 942 35 8967.
e-u.ac.jp (S. Hiromatsu).
ty for Vascular Surgery. Publishedecreased because of an increase in the overall total
number of AAA repair procedures performed, even though
the incidence of EVAR has increased. At our hospital, we
always determine whether the anatomical form of AAA in
patients who have non-ruptured AAA is suitable for EVAR. If
patients are anatomically suitable for EVAR, the technique
is performed in all these patients, regardless of their age or
risk level, even though open AAA repair has been recom-
mended for low-risk patients in Japan. Patients who have
difficult neck anatomy (very short neck, calcified neck,
thrombus-lined neck or excessive angulation) or thed by Elsevier Ltd. All rights reserved.
Outcomes for OAR in the EVAR Era 179presence of iliac aneurysmal change or iliac occlusive
disease cannot be considered for EVAR and are recom-
mended for OAR. EVAR is used to repair more anatomically
favourable AAA, whereas OAR is used for more complex
cases of AAA.1e3 The objectives of this study were to
evaluate and compare the perioperative outcome of
patients who underwent OAR at Kurume University Hospital
between the pre-EVAR era and the EVAR era, and to analyse
whether the AAA that was excluded from EVAR could affect
the perioperative outcome.
Patients and Methods
Patients
The study was approved by the Institutional Review Board
of our hospital. Clinical data for consecutive patients
undergoing elective OAR at Kurume University Hospital
from January 2004 through November 2006 (pre-EVAR era,
nZ 99) and from December 2006 through June 2010 (EVAR
era, n Z 125) were prospectively collected and analysed.
Any patient who simultaneously underwent coronary artery
bypass grafting was excluded.
During the EVAR era, we routinely examined whether the
anatomical characteristics of AAA in all patients with non-
ruptured AAA were suitable for EVAR. Patients aged <60
years with good operative risk were preferentially offered
OAR even though anatomically they were suitable for EVAR.
The exclusion criteria for EVAR were the following: unfav-
ourable proximal neck anatomy (short neck or absent neck,
dilatation, excessive angulation, calcification and thrombus-
lined neck), unfavourable distal site (iliac dilatation or
aneurysms, excessive angulation and iliac occlusive disease),
a concomitant procedure and surgeon preference.
Surgical procedure
Coronary artery angiography (CAG) before OAR was first
indicated for patients with symptomatic coronary artery
disease (CAD) or when a cardiac scintigram revealed posi-
tive CAD findings. If CAG revealed severe coronary artery
stenosis, percutaneous coronary intervention (PCI) or
coronary artery bypass grafting (CABG) was performed as
a simultaneous or staged procedure.
During the study period, either of the two equally
experienced surgeons performed the procedure. A lapa-
rotomy approach for AAA repair rather than a retroperito-
neal approach was selected, and we believe it is important
to undertake these procedures while taking note of the
intestinal colour during the operation.
Gastrointestinal (GI) preparations were started 3 days
before the operation. We performed AAA repair using
a minimal skin incision that allowed an excellent view of
the operating field. An abdominal incision was started 1 cm
above the aneurysm neck. The skin incision was extended
to the same length as that of the long axis of the AAA. After
entering the abdominal cavity, rolled towels were placed at
the root of the mesentery. The small intestine was placed
into the right abdominal cavity. We set up an atraumatic
self-retaining ring retractor (Applied Alexis, Applied
Medical, Rancho Santa Margarita, USA) and used an Octopusretractor to obtain a sufficient operating field. A good view
of the aneurysm neck was maintained to retract the
abdominal incision to the head side. If distal anastomoses
could not be performed at the common iliac level, the
abdominal incision was extended to the caudal side. In
addition, we retained two arteries from among the inferior
mesenteric artery (IMA) and bilateral internal iliac arteries
(IIA), if possible. Once the aortic graft was inserted, the
abdominal wall was closed without drainage.
Postoperative recovery course
We prepared our original clinical pathway for elective OAR
based on the outcome of the postoperative recovery after
OAR from April 2002 to December 2003. The clinical
pathway shows the following: nasogastric suction was
removed on postoperative day (POD) 2, liquid was restarted
on POD 3, oral intake of solid was started on POD 4, suture
attachment was removed on POD 8 and discharge from
hospital was within POD 15. If the postoperative course did
not proceed according to the clinical pathway, the cases
were assumed to be a deviation. The medical records of
each patient were reviewed to determine the following
variables: patient demographic characteristics, reason for
excluding EVAR, perioperative outcome, morbidity and 30-
day mortality.
Data analysis
All data are expressed as the mean  standard deviation.
Statistical calculations were performed using Statview
software (SAS Institute, Cary, NC, USA).
Statistical comparisons between categorical parameters
were performed with the c2 test or the Fisher’s exact test
when appropriate, and comparisons between groups of
unpaired data were carried out by the two-tailed Student’s
t-test for normally distributed independent variables.
Welch’s t-test was used when data were non-parametric
and non-normally distributed. A P-value of <0.05 was
considered statistically significant.ResultsPatient demographics
There were two cohorts of patients, 99 patients who
underwent OAR in the pre-EVAR era from January 2004
through November 2006, and 125 patients who underwent
OAR in the EVAR era from December 2006 through June
2010.
The proportion of patients over 80 years of age was
higher in the EVAR-era group. Aneurysm size was slightly
larger and the incidence of previous laparotomy was
slightly lower during the EVAR era compared with the pre-
EVAR era even though there were no statistically significant
differences between the two groups. Mean body size was
comparable in the two groups. There were no statistically
significant differences in the other patient demographic
characteristics between the two groups (Table 1).
Table 1 Patient demographics. N, number of patients; EVAR, endovascular abdominal aortic aneurysm repair; No., number of
patients; BSA, body surface area; AAA, abdominal aortic aneurysm; CAD, coronary artery disease; CVD, cerebrovascular acci-
dent; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease.
Pre-EVAR era (n Z 99) No. (%) EVAR era (n Z 125) No. (%) P-value
Age (years) 71.0  8.4 74.7  7.5 0.0006*
Aged80 11 (11.1) 29 (23.2) 0.0391*
Male 81 (81.8) 97 (77.6) 0.5421
BSA (m2) 1.61  0.19 1.63  0.19 0.4074
AAA size (mm) 53.4  13.3 55.2  11.8 0.2972
Hypertensiona 86 (86.9) 102 (81.6) 0.6257
Hyperuremia 1 (1.0) 8 (6.4) 0.0543
Hyperlipidaemia 33 (33.3) 58 (46.4) 0.0657
Diabetes mellitus 17 (17.2) 19 (15.2) 0.8489
CAD 32 (32.3) 47 (37.6) 0.4965
CVD 13 (13.1) 27 (21.6) 0.1421
CKD 16 (16.2) 24 (19.2) 0.6789
COPD 26 (26.3) 33 (26.4) 0.8697
Smoking 65 (65.7) 73 (58.4) 0.3317
Malignant disease 16 (16.2) 24 (19.2) 0.6789
Previous laparotomy 23 (23.2) 17 (13.6) 0.0956
*Statistically significant.
a Fisher exact test.
180 S. Hiromatsu et al.Fig. 1 shows the total number of AAA repairs performed.
The total numbers of elective EVAR and OAR have increased
year by year. During the EVAR era, the proportion of EVAR in
all elective AAA repairs was 43.4%.Reasons for exclusion from EVAR in the EVAR era
EVAR-era patients were judged to be unfit for EVAR for the
following reasons: unfavourable anatomy of the proximal
neck (n Z 60 (48%)), unfavourable anatomy of a distal site
(n Z 60 (48%)) and miscellaneous (n Z 5 (4%)). The
miscellaneous group included patients undergoing OAR as
a result of patient or surgeon preference and a concomitant
procedure (nephrectomy). The details indicating why EVAR-
era patients were unfit for EVAR are summarised in Table 2.Figure 1 The total numbers of elective EVAR and OAR are
shown between January 2004 and 2009. EVAR; endovascular
grafting abdominal aortic aneurysm repair. OAR; open
abdominal aortic aneurysm repair.Intra-operative data
The skin incision length and operating time were signifi-
cantly longer in the EVAR era (14.5  3.1 cm vs.
17.7  3.8 cm, 298  61 min vs. 326  81 min,
respectively).
The ratio of skin incision length to body surface area was
also significantly larger in the EVAR era. In addition, esti-
mated blood loss and blood transfusion volume were
significantly higher in the EVAR era (932  635 ml vs.
1760  1525 ml, 206  34 ml vs. 860  136 ml, respec-
tively). The EVAR era had a significantly higher rate of blood
transfusions. Suprarenal cross-clamping was more frequent
in the EVAR era (9.1% vs. 14.4%), although the difference
was not statistically significant.
Moreover, bilateral suprarenal cross-clamping was per-
formed more frequently in the EVAR era than in the pre-
EVAR era (3.0% for the pre-EVAR era vs. 11.2% for the EVAR
era, P Z 0.022). The number of bifurcated grafts was
comparable for the two groups. However, the frequency of
bilateral iliac artery disease was significantly greater in the
EVAR era (Table 3).
Postoperative data
Details of the postoperative course are summarised in Table
4. Although the incidence of deviation from the clinical
pathway was greater in the EVAR-era patients than in the
pre-EVAR era patients, the difference between the two
groups was not statistically significant for early recovery in
the postoperative course. In addition, the average proce-
dure cost in the pre-EVAR era and EVAR era was 2,191,429
yen and 2,194,167 yen, respectively; the cost was not
significantly different between the two groups.
The postoperative morbidity rates were 22.2% (22 cases)
and 24.8% (31 cases), respectively. However, there was no
Table 2 Reasons for exclusion from EVAR in the EVAR era.
EVAR, endovascular abdominal aortic aneurysm repair; No.,
number of patients.
Criteria No. (%)
Unfavourable anatomy of proximal neck 60 (48.0)
Short or absent neck 27
Excessive angulation (>60) 16
Calcification 7
Thrombus-lined neck 8
Reverse taper 2
Unfavourable anatomy of distal site 60 (48.0)
Iliac dilatation or aneurysm 42
Unfavourable of access route 18
Miscellaneous 5 (4.0)
Surgeon or patient preference 4
Concomitant procedure 1
Outcomes for OAR in the EVAR Era 181difference in major morbidity, such as myocardial infarc-
tion or permanent renal failure, between the two groups.
The morbidity rate of GI complications such as ileus or
ischaemic colitis in the EVAR era was higher than that for
the pre-EVAR era; however, there was no statistically
significant difference in the incidence of any morbidity
between the two groups.
There were no deaths in either group (Table 5).
Discussion
Until 2006, no alternative to OAR for treating patients with
AAAwas available in Japan. EVAR is now attractive because it
may be possible to reduce the morbidity or mortality associ-
ated with OAR.4,5 However, as seen in this study, not all
patients are candidates for EVAR. Approximately 57% of
patients undergo OAR because, anatomically, they are judged
to be inappropriate for EVAR. In addition, OARwill most likely
never decrease because of the increase in the total number ofTable 3 Intra-operative details. EVAR, endovascular abdomina
abdominal aortic aneurysm. BSA, body surface area. min, minut
bifurcation.
Pre-EVAR era (N
Skin incision length (cm) 14.5  3.1
Skin incision length (cm)/BSA (m2) 9.2  2.0
Operating time (min)b 298  61
Aortic clamp time (min) 76.5  22.3
Estimated blood loss (ml)b 932  635
Blood transfusion amount (ml)b 206  34
Blood transfusion employment (n/%) 25 (25.3)
Bifurcated graft (n/%)a 92 (92.9)
Suprarenal cross-clamping (n/%)a 9 (9.1)
Unilateral (n/%)a 6 (6.1)
Bilateral (n/%)a 3 (3.0)
AAAIB (n/%) 36 (36.3)
Unilateral (n/%) 14 (14.1)
Bilateral (n/%) 22 (22.2)
*Statistically significant.
a Fisher exact test.
b Welch’s t-test.AAA cases. Many clinicians believe that patients who are high
riskorelderly shouldnotundergoOAR.However,ever sincewe
started using EVAR, AAA patients who are high risk or elderly
have been referred to our hospital by their family physicians.
This is why the total number of patients has increased.
Few studies have compared the outcome of OAR between
the pre-EVAR and EVAR eras.1e3 Patients who were not
candidates for EVAR as a result of anatomic considerations in
the EVAR era had more complex OAR as compared with the
pre-EVAR era. In addition, the number of aged patients has
increased. The estimated blood loss and operative times
were significantly increased in the EVAR-era patients who
underwent OAR compared with the pre-EVAR era patients.
These outcomes are presumably because the EVAR-era
patients who undergo OAR have more complications, more
extensive arterial disease and less simple AAA than the pre-
EVAR era patients. However, it is noteworthy that the
mortality rates and postoperative hospital stays of the EVAR
era are similar to those of the pre-EVAR era.
In a study of OAR in octogenarians after the adoption of
EVAR, Ballotta1 reported that OAR procedures have become
more complicated with more frequent suprarenal clamping,
left renal vein division and longer operating-room time.
Costin et al.2 have also reported an increase in jux-
tarenal AAA repair after the adoption of EVAR. Although
there was no statistically significant differences in the rate
of suprarenal clamping in our study, it increased slightly in
the EVAR era.
Moreover, bilateral suprarenal cross-clamping was per-
formed more frequently in the EVAR era than in the pre-
EVAR era. This is because widespread application of
infrarenal EVAR has resulted in a higher percentage of cases
of open juxtarenal AAA repair. Suprarenal cross-clamping
placement in AAA repair was associated with a slight
increase in the mortality rate (from 1.2% to 2.6%) compared
with infrarenal cross-clamping placement.6 However, this
outcome depended on the higher rate of other morbidities
such as myocardial infarction, massive blood loss andl aortic aneurysm repair; N or n, number of patients; AAA,
es; AAAIB, abdominal aortic aneurysm extended to the iliac
Z 99) EVAR era (N Z 125) P-value
17.7  3.8 <0.0001*
10.7  2.6 0.0043*
326  81 0.0035*
77.2  21.5 0.8286
1760  1525 <0.0001*
860  136 <0.0001*
67 (53.6) <0.0001*
112 (89.6) 0.4819
18 (14.4) 0.3147
4 (3.2) 0.3032
14 (11.2) 0.0219*
62(49.6) 0.0473*
18 (14.4) 0.9562
44 (35.2) 0.0344*
Table 4 Postoperative details. EVAR, endovascular abdominal aortic aneurysm repair; N or n, number of patients; POD,
postoperative day.
Pre-EVAR era (N Z 99) EVAR era (N Z 125) P-value
Paralytic ileus (POD) 2.4  1.3 2.5  1.2 0.7015
Removal of nasogastric suction
(POD)a
2.4  1.4 2.1  2.5 0.2575
Liquid diet (POD)a 3.1  1.4 3.2  2.7 0.7209
Solid diet (POD)a 4.2  1.3 4.6  3.1 0.1919
Postoperative stay (days)a 17.9  11.9 19.8  28.4 0.4995
Deviation from the clinical
pathway, (n/%)
39 (39.4) 59 (47.2) 0.3011
Average cost (Japanese yen) 2,191,429 2,194,167 0.9433
a Welch’s t-test.
182 S. Hiromatsu et al.pneumonia, but not long-term renal dysfunction, because
there was an increased incidence of transient renal insuf-
ficiency. Knott et al.7 reported that open juxtarenal AAA
repair remains a safe option even though fenestrated
endograft technology for juxtarenal AAA repair is devel-
oping rapidly.
Costin et al.2 reported that most patients in the EVAR
era, who were excluded from EVAR, were debarred because
the aneurysm was located in the neck. However, at our
hospital, 48% were excluded from EVAR due to unfav-
ourable anatomy of the proximal neck and 48% due to
unfavourable anatomy of a distal site. Armon et al.8
reported that about 20% of AAAs extended to the iliac
bifurcation (AAAIB). In our series, the rate of AAAIB was
49.6% whereas that of bilateral AAAIB was 35.2%.
EVAR for AAAIBs is slightly more complicated than EVAR
for AAA. Exclusion of the hypogastric artery with coil
embolisation and extension of the graft limb into the
external iliac artery (EIA) is the most common procedure.Table 5 Perioperative morbidity and mortality. EVAR, endovasc
No., number of patients; MNMS, myonephropathic metabolic syn
Morbidity of hospitalization Pre-EVAR era (N Z 99) N
Number of patients 22 (22.3)
Number of morbidity 26
Death 0 (0)
Major morbidity 1
Myocardial infarction 0 (0)
Permanent renal failure 0 (0)
Respiratory failurec 1 (1.0)
MNMSc 0 (0)
Minor morbidityc 25
Arrhythmiac 1 (1.0)
Angina attackc 0 (0)
Protracted ileusc 3 (3.0)
Ischaemic colitisc 0 (0)
Peripheral emboli or thrombusc 6 (6.1)
Transient renal failurec 0 (0)
Protracted healing of woundc 7 (7.1)
Othersc 8 (8.1)a
*Statistically significant.
a One gastric ulcer, 1 fever of unknown origin, 1 retention of urine
b Two retention of urine, 2 hernia abdominalis, 2 deep vein thromb
c Fisher exact test.However, because of the high proportion of bilateral AAAIBs
in our series and because it may be impossible to preserve
even one internal iliac artery, the risk of pelvic ischaemia
was high when bilateral hypogastric arteries were
excluded. For this reason, a lot of patients were excluded
from EVAR due to unfavourable anatomy of a distal site.
Further, the incidence of AAAIB is high in the Japanese
population, as seen in our institution. The presence of iliac
aneurysmal changes would also result in a more difficult
AAA repair procedure, as is the case for suprarenal
clamping.9
Open AAA repair with iliac aneurysmal changes would
be expected to prolong operative times, and increase
injury to adjacent structures (iliac vein or a ureter)
when exposing the iliac artery or anastomosis to a distal
artery because the iliac artery exists deep within the
pelvis.10
In this study, the skin incision length and operating time
were significantly longer in the EVAR era. Estimated bloodular abdominal aortic aneurysm repair; N, number of patients;
drome.
o. (%) EVAR era (N Z 125) No. (%) P-value
31 (24.8) 0.7699
36
0 (0)
4
0 (0)
0 (0)
3 (2.4) 0.6318
1 (0.8) >0.9999
32
2 (1.6) >0.9999
1 (0.8) >0.9999
8 (6.4) 0.3539
3 (2.4) 0.2568
5 (5.1) 0.5429
2 (1.6) 0.5045
7 (5.6) 0.7828
4 (3.2)b 0.1381
and 1 retroperitoneal haematoma.
osis, 1 fever of unknown origin and 1 aspematism.
Outcomes for OAR in the EVAR Era 183loss and blood transfusion volume were also significantly
greater in EVAR. However, the differences between the two
groups for early recovery in the postoperative course were
not statistically significant.
This outcome was identical to previous reports.1e3
Although our postoperative protocol was not the recent
fast-track commonly used protocol, we believe that our
early outcome is acceptable because the mortality rate was
0% and all patients were ambulatory when discharged from
the hospital.
We carefully selected EVAR as the treatment option
according to the instructions for use (IFU). In our retro-
spective analysis, 54 (54.5%) of the 99 patients seemed to
be suited for EVAR during the pre-EVAR era. A study from
the Oschner Clinic found a 38% reduction in open repairs.
Carpenter et al.11 demonstrated on overall incidence of
EVAR of 66% in a recent study. Higher rates of endograft use
may affect the outcomes of open repair. During the EVAR
era, 95 patients underwent EVAR in addition to the 125 who
underwent OAR. The proportion of EVAR cases among all
elective AAA repairs was 43.4%. In addition, the outcome of
open surgery in 45 patients, who were judged to be unfit for
EVAR in the pre-EVAR era, was similar to those of the 125
patients in this study.
Costin et al.2 reported that EVAR cases seem to be
a higher-risk cohort than OAR cases and their elimination
from the OAR group data may have a favourable effect on
morbidity and mortality rates. In this study, the mean age
of the patients in the EVAR era was about 4 years greater
than that in the pre-EVAR era. In addition, the proportion
of patients over 80 years of age (23.2% vs. 11.1%,
P Z 0.0391) was significantly higher. The incidence of
previous laparotomy was lower in the EVAR era, but the
difference did not reach statistical significance. However,
the incidences of high-risk complications, such as coro-
nary artery disease, cerebrovascular disease, chronic
kidney disease, obstructive pulmonary disease and dia-
betes mellitus were all similar. EVAR cases also seem to be
similar to OAR cases with respect to perioperative risk
factors.
The number of OAR cases decreased from 532 to 202
between 1997 and 2006.3
Case material for resident and fellow education and
training is also diminishing because of the increased
complexity of OAR. Even though new techniques and
technologies such as branched and fenestrated grafts,
double-barrel techniques and hybrid procedures have been
developed, not all patients with AAA may be candidates for
EVAR. In addition, there is a definite learning curve when
switching over from EVAR cases to open surgery and
rupture cases because open surgery involves complex
procedures. Although the anatomical characteristics are
suitable for EVAR, OAR should be recommended for low-
risk patients. Young surgeons need to gain experience in
simple OAR before progressing to more complex aneurysm
surgery.
Although there has been a trend towards increased
morbidity due to respiratory failure, protracted ileus,
ischaemic colitis and transient renal failure in the EVAR era,
the differences are not statistically significant. We believe,
like other authors,12e14 that optimising preoperative CAD
status contributes substantially to the safety of electiveOAR. If CAD complications were adequately prevented
perioperatively during AAA repair like in our strategy, the
morbidity rate in the EVAR era would be similar to that in
the pre-EVAR era, even though there was an increase in
more complex AAA. The 0% mortality rates in the pre-EVAR
era and EVAR era are superior to those of previous
reports.15,16
Conclusion
Although the number of more complex OAR procedures
increased in the EVAR era, the morbidity rates in the two
groups were similar and the mortality rates were 0% for
both. Even though patients who underwent complex OAR
increased in the EVAR era, the increase had less effect on
the perioperative outcome than OAR in the EVAR era. We
believe that OAR remains a valid procedure for AAA
repair.
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